Abstract. Two pregnant mares diagnosed as having equine monocytic ehrlichiosis based on history, clinical signs, and high serum antibody titers to Ehrlichia risticii aborted subsequent to recovery from illness. Mare 1 and mare 2 experienced clinical illness at 120 and 143 days of gestation and aborted at 203 and 226 days of gestation, respectively. The fetuses were expelled in fresh condition, and both mares retained their placentas upon abortion. Gross findings for the fetuses included meconium staining and petechiation of external surfaces. Internally, there was increased volume of feces within the small and large intestines and liver discoloration with enlargement. Microscopic findings included lymphohistiocytic enterocolitis, hepatitis, and myocarditis. Lymphoid hyperplasia and depletion were present in spleen, thymus, and lymph nodes. Ehrlichia risticii was recovered from bone marrow, spleen, lymph node, colon, and liver of the first fetus and bone marrow and colon of the second fetus. Electron microscopic evaluation of the organism isolated in cell culture revealed morphology consistent with E. risticii. The isolated organism was inoculated into a naive pony, and this pony developed high levels of antibody against E. risticii, became ehrlichemic, and developed clinical signs of depression, anorexia, and mild diarrhea. These findings confirm that E. risticii is an abortifacient under conditions of natural infection and should be considered as a differential diagnosis of equine abortions.
Materials and methods
Case descriptions. Two Thoroughbred mares, weighing 450 and 604 kg, were diagnosed as being infected with E. risticii upon admission to the University of Illinois College of Veterinary Medicine Teaching Hospital (VMTH) in September 1991. Both mares, admitted 10 days apart, were from the same farm, which during the past several years had annual outbreaks of enteritis due to E. risticii infection. Two weeks prior to admission of the first mare, E. risticii was isolated from the blood of a nonpregnant stablemate also hospitalized at the VMTH for severe enteritis. Mare 1 was 14 years old and 120 days pregnant and had a 3-month-old foal at her side at admission. Mare 2 was 12 years old and 143 days pregnant, and her current year's foal had been weaned 5 days prior to admission. Both mares had been vaccinated for eastem and western equine encephalitis and influenza in February of the current year. Routine deworming and vaccinations for equine herpesvirus 1 (EHV- 1) a had been performed every 60 days during gestation. Both horses had been vaccinated against EME b in April of the current year and had received yearly boosters with the same product since 1986. The second mare had received a second inoculation against EME with a different product c 2 wk prior to admission. Clinical signs for both mares consisted of mild to moderate diarrhea, dehydration, anorexia, and depression. Paired serum titers for antibody to E. risticii as measured by indirect immunofluorescence assay 9 on days 2 and 6 of hospitalization were 10,240 and 5,120, respectively, for mare 1. The serum titer for mare 2 to E. risticii was 20,480 on day 3 of hospitalization. A tentative diagnosis of EME was made for both mares based on the clinical signs and history, high serum antibody titers to E. risticii, the herd history of annual out-breaks of diarrhea associated with E. risticii infection, and the recent isolation of E. risticii from the blood of a sick stablemate. Recovery from clinical illness was uneventful until both mares aborted their foals between 70 and 90 days postinfection.
Postmortem examination of fetuses. A gross postmortem examination was performed for both fetuses. For histologic evaluation, heart, thymus, lung, stomach, duodenum, jejunum, ileum, cecum, right dorsal colon, small colon, kidney, adrenal gland, liver, spleen, mesenteric lymph nodes, and brain were fixed in 10% neutral buffered formalin and samples were embedded in paraffin. The tissues were sectioned at 6 µm and stained with hematoxylin and eosin.
Bacterial culture. Specimens for culture were obtained aseptically in a laminar flow hood. Swabs of the abdominal organs were cultured for aerobic organisms. One-gram samples were also obtained at this time from the liver, spleen, mesenteric lymph node, colon, and bone marrow for culture in primary dog monocytes for the isolation of E. risticii.
Isolation of E. risticii from fetuses. All initial isolation and identification of the infectious agent was performed in primary dog monocyte cell culture by previously described methods to reduce the likelihood of concomitant organisms that can be present in continuous cell lines. 3, 4 Continued propagation and storage of any isolates were done in the mouse macrophage P388D 1 continuous cell line after characterization. Samples were homogenized manually, and 2 ml of tissue homogenate were incubated over a monolayer of dog monocytes in 5 ml of medium consisting of 20% fetal bovine serum, d 80% minimum essential medium, d and 1%
L-glutamine d (pH adjusted to 7.2 with 5% NaHCO 3 ). Cultures were examined for the presence of ehrlichial organisms at every medium change by staining the cells within the supernatant with Wright-Giemsa.
Electron microscopy. Electron microscopic evaluation was performed on E. risticii -positive tissue cultures. When E. risticii was identified by light microscopy, the positive dog monocyte tissue culture were subcultured into P388D 1 mouse macrophage cells.
e Once positive for E. risticii, the P388D 1 cells were fixed as a pellet in 2.5% glutaraldehyde with 0.1 mM cacodylate buffer, f 0.3 mM calcium chloride, and 4% sucrose. Once fixed, the cells were incubated with 1% osmium tetraoxide and 1% potassium ferricyanide and subsequently dehydrated with increasing solutions of ethanol. After the final rinsing, the pellet was infiltrated first with a propylene oxide and epoxy mixture followed by pure epoxy. The blocks were polymerized and dried at 90 C for 2-5 hr. After cooling, 1-µm sections were cut using an ultratome and stained with uranyl acetate and lead citrate on copper grids. Specimens were viewed with an electron microscope operating at 80 kV.
g Evaluation for other abortifacients. Fetal liver, spleen, lung, and kidney were submitted to the University of Illinois Veterinary Diagnostic Laboratory and cultured for EHV-1. Mare serum was also submitted for measurement of antibody to E. risticii, EHV-1, equine viral arteritis (EVA), and Leptospira interrogans serovars at the time of and 4 wk after abortion. Antibody to E. risticii was determined on both mare and fetal sera at the time of abortion.
Infection of a naive pony with E. risticii. Once isolation of E. risticii was confirmed in the cell culture derived from the fetus of mare 1, the supernatant of this culture was inoculated into P388D, cell cultures and incubated until greater than 60% of the cells were positive for the presence of E. risticii. Two milliliters of the culture supernatant were injected intravenously into a naive male pony negative for antibodies to E. risticii. The pony was then observed for 30 days for clinical manifestations of EME. Serum antibody titers to E. risticii were also evaluated twice weekly. Whole blood samples were obtained aseptically on days 0, 9, and 11 and cultured for E. risticii in primary dog monocyte cell cultures as described earlier.
Results
Postmortem examination offetuses. The fetus from mare 1 (fetus 1) was a 203-day-old male weighing 7.3 kg with a crown-rump length of 64.1 cm, and the fetus from mare 2 (fetus 2) was a 226-day-old male weighing 12.3 kg with a crown-rump length of 81.0 cm. Fetus 1 was immediately transported to the VMTH after abortion and was 5 hours postabortion at the time of necropsy. The time of abortion was unknown for fetus 2.
Both fetuses were aborted with minimal postmortem autolysis. External examination revealed petechial hemorrhages on the skin of the head and shoulders of both fetuses. Internally, fetus 2 had petechial hemorrhages on the serosal surface of the heart and both lungs. An increased volume of greenish fecal material was present within the lumen of the small and large intestines of both fetuses, and the mucosal surface of the intestine of fetus 2 was reddened. The liver of fetus 2 was moderately swollen, pale, and friable. The cut surface of the mesenteric lymph nodes was dark red. The kidneys of fetus 2 were friable. Because both mares retained their placentas, these tissues were not submitted.
Both fetuses had mild autolysis histologically. The epithelium of the small intestine was frequently separated from the underlying lamina propria consistent with artifactual sloughing due to postmortem autolysis. A moderate to severe, diffuse enterocolitis characterized by marked infiltration of mononuclear inflammatory cells into the lamina propria and submucosa was present in both fetuses. Inflammatory infiltrates were composed primarily of lymphocytes, macrophages, and, less frequently, neutrophils (Fig. 1) . Submucosal blood vessels also had discrete foci of lymphocytes and macrophages located perivascularly and the lumina of these vessels often contained fibrillar proteinaceous residue and loosely aggregated inflammatory cells. The submucosa had widely spaced fibers consistent with edema. The livers of both fetuses had moderate periportal accumulations of lymphocytes and macrophages admixed with small numbers of neutrophils (Fig. 2) . Multiple large hepatic arterioles were filled with fibrin and numerous mononuclear inflammatory cells. Frequently, the central and portal veins and sinusoids were engorged with erythrocytes. Scattered individual hepatocytes were mildly enlarged and contained small, clear, discrete cytoplasmic vacuoles (lipid).
In both fetuses, the lymphoid follicles of the spleen and germinal centers of the lymph nodes were enlarged and contained mainly large blast-like lymphocytes. Multifocally, small foci of cells with pyknotic nuclei were located centrally in these follicles indicative of necrosis. The cortical region of the thymus was thin with a mild to moderate decrease in the overall cellularity.
Both fetal hearts had a mild to moderate multifocal mononuclear myocarditis, which was most pronounced in fetus 2 and was characterized by a moderately dense perivascular infiltration of lymphocytes, macrophages, and occasional neutrophils located perivascularly and between myofibrils (Fig. 3) . There was also moderate separation and fraying of myofibers associated with inflammatory infiltrates.
Results of bacterial culture. Aerobic culture of the swabs of fetal organs were negative for any bacterial growth for both fetuses.
Isolation of E. risticii from fetuses. On approximately day 10 of incubation, ehrlichial organisms were observed in cultures of the liver, spleen, lymph node, bone marrow, and colon of fetus 1. The organisms were seen forming cytoplasmic morula and rupturing out of the host cells. On day 8 of incubation, the fetal cell cultures of the colon and bone marrow of fetus 2 were positive for E. risticii.
Electron microscopy. Ultrastructurally, infected monocytes had intracytoplasmic organisms enclosed by a single host membrane consistent with E. risticii (Fig. 4) . Individual organisms within this membrane were 2-5 µm in length, consisting of a double membrane surrounding either electron-dense or electronlucent cytoplasm. Both single and multiple organisms were present within these host-membrane-lined vacuoles.
Evaluation for other abortifacients. Fresh tissues (lung, liver, spleen, kidney) from both fetuses were negative for EHV-1. At the time of and 4 weeks after abortion, both mares had EHV-1 titers of 256. Neither mare possessed antibodies to EVA or L. interrogans serovars.
Sera from both mares were measured for antibody against E. risticii. Mare 1 possessed a titer of 2,560 and 1,280 at the time of and 4 weeks after abortion, respectively, and both titers were 10,240 for mare 2. Sera from the heart clots of both fetuses were negative for antibodies against E. risticii.
Infection of a naive pony. The pony exhibited clinical signs of anorexia, depression, decreased borborygmi, and soft fecal consistency between days 10 and 20 postinoculation. Ehrlichia risticii was isolated from the blood of this pony on day 9 postinoculation. Antibodies against E. risticii were detected on day 15 postinoculation and peaked at 40,960 on day 17.
Discussion
Ehrlichia risticii was recovered from 2 aborted fetuses after natural infection and clinical illness due to E. risticii infection in the dams. Prior to these observations, only fetal infection and abortion under experimental conditions had been described. 1, 5 Both fetuses had histopathologic changes of lymphohistiocytic enterocolitis, hepatitis, and myocarditis, which is consistent with previously described lesions under experimental conditions. 5, 11 Abortion due to E. risticii is a unique syndrome that should be routinely considered as a differential diagnosis of abortion in horses. Definitive confirmation of abortion caused by E. risticii may be difficult because of the inherent difficulties and expense of isolating E. risticii in sterile cell culture. The presence of the combination of intestinal, liver, and cardiac lesions would be highly suggestive of infection with E. risticii.
These 2 fetuses were fresh, and the abortions occurred near 200 days of gestation, which is consistent with the earlier reports where naturally infected mares aborted during the seventh month of gestation following clinical signs consistent with infection with E. risticii. 1 This earlier study was performed before confirmatory diagnostic testing was available for EME and no histopathologic findings from the aborted fetuses was provided. Multiple fetuses aborted at approximately 200 days of gestation from mares experimentally infected between 3 and 6 months of gestation, indicating that the timing of abortion in this syndrome may be significant (M. T. Long et al., unpublished data). Further data are needed from field abortions to confirm that E. risticii causes abortion after natural infection, primarily during the seventh month of gestation. At present, the role of E. risticii in the etiology of equine field abortion is probably overlooked for sev-era1 reasons. The latency period may be of sufficient length so that the link between earlier infection of the dam with E. risticii and fetal death may not be appreciated. Furthermore, abortions associated with infection with E. risticii may occur at a time in gestation where abortion due to EHV-1 is a legitimate concern, 7 resulting in submissions to diagnostic laboratories consisting primarily of liver, spleen, kidney, and lung for virus culture and histopathologic evaluation. Evaluation of only these tissues will not definitively identify abortion due to E. risticii infection because gastrointestinal tissues contain the most characteristic lesion of E. risticii -induced abortion.
In these 2 fetuses, fluorescent antibody analysis performed on mare and fetal sera at the time of abortion did not serve as a prognostic or diagnostic tool. Serum titers can stay elevated after infection with E. risticii, 6 as was seen in these mares. Furthermore, titers did not change significantly after abortion occurred. However, the presence of a high antibody titer in mares experiencing abortions late in gestation indicates previous exposure and warrants further evaluation for lesions consistent with E. risticii infection.
Both experimental and field studies have demonstrated that vaccination resulted in a decrease in the severity of clinical signs and mortality associated with infection with E. risticii. 10, 12 These mares were both routinely vaccinated against EME, but neither clinical illness nor abortion were prevented. One mare was vaccinated with 2 different vaccines, and abortion occurred regardless of the product utilized. Furthermore, vaccination in the face of the outbreak on the farm did not prevent the occurrence of subsequent clinical illness or reproductive abnormalities, as indicated by the occurrence of disease in this mare.
Ehrlichia risticii was recovered from the naive pony infected with the agent isolated in cell culture from the fetus of mare 1. This pony developed both clinical signs consistent with EME and an extremely high antibody titer to E. risticii, demonstrating that the organism isolated from the fetus is infectious and capable of causing clinical sings of EME.
Previous studies have indicated that the majority of disease due to E. risticii is subclinical. 12 The presence of E. risticii on a particular breeding farm may go undetected, and the contribution of subclinical disease to abortion may be overlooked. If subclinical disease were to cause abortion, the abortions would be expected to occur late in gestation with no prior herd illness. Histologic changes consistent with those presently described should be present to support a tentative diagnosis of abortion due to E. risticii infection.
